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Wavelength-Tunable Short-Pulse Diode-Laser
Fiber-Amplifier System Around 1.06 m
Balaji Adhimoolam, Mathijs G. Hekelaar, Petra Groß, Ian D. Lindsay, and Klaus-Jochen Boller
Abstract—We report the first actively mode-locked diode-laser
fiber-amplifier system with wide wavelength tuning around
1.06 m. Tuning is achieved over 45 nm via a feedback grating.
Pulses with a repetition rate of 1.4 GHz and a pulse duration of
30 ps are generated with up to 9.5 W of average output power.
Index Terms—Diode laser, laser tuning, mode-locking, semicon-
ductor laser, ultrashort pulses, Yb fiber amplifier.
I. INTRODUCTION
TUNABLE optical sources operating in the picosecondregime are of interest for a wide range of applications. For
many spectroscopic methods, picosecond sources offer a good
compromise between spectral and temporal resolution, while
the high peak powers achievable allow efficient excitation of
multiphoton processes such as coherent anti-Stokes Raman
scattering (CARS) [1]. High peak powers also enable efficient
nonlinear frequency conversion via, for example, an optical
parametric oscillator (OPO), while the moderate pulse duration
permits the use of long nonlinear crystals, further enhancing the
efficiency of such processes. The combination of a near-infrared
picosecond laser with a synchronously pumped singly resonant
OPO results in a particularly flexible tunable picosecond source
[2], [3]. Tuning of the pump laser allows wide-range tuning of
the OPO signal and idler wavelengths while rapid tuning can
be achieved by varying the pump repetition rate [4]–[6].
Mode-locked external-cavity diode lasers [7], [8] meet many
of the requirements of such a pump laser. The external diffrac-
tion grating provides a simple means of wide wavelength tuning
while a short external cavity results in high repetition rates (of
the order of gigahertz) allowing OPOs with compact cavities
to be synchronously pumped. Mode-locking can be simply
achieved by current modulation, allowing a variable repetition
rate for rapid OPO tuning [6]. However, the low output powers
from mode-locked diode lasers generally require further am-
plification before they are sufficient to pump an OPO. This has
previously been demonstrated using semiconductor amplifiers
[2], [6], although the powers achieved remained moderate.
Ytterbium-doped fiber amplifiers are well suited to the amplifi-
cation of short pulses in the 1000–1100-nm region [9]–[11] and
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Fig. 1. Setup of the pulsed diode-oscillator fiber-amplifier system.
ECDL: external cavity diode laser in Littrow configuration. FI: 60-dB
Faraday isolator. Yb-fiber: ytterbium-doped fiber amplifier. DM: dichroic
mirror. Pump diode: 25-W fiber-coupled 976-nm diode bar.
appear to offer an ideal amplification medium for mode-locked
diode lasers operating at these wavelengths. Such a system
would translate the benefits of mode-locked diode lasers to high
average powers while offering reduced complexity compared
to devices based on mode-locked fiber oscillators. Surprisingly,
therefore, mode-locked diode lasers and diode-laser-fiber-am-
plifier systems operating in the 1000–1100-nm range do not
appear to have been widely investigated. Reported results
are restricted to a mode-locked diode laser delivering 1-ps
pulses with 13-mW average power [12], and a gain-switched
injection-seeded system with subsequent fiber amplification
operating at a fixed wavelength [13].
Here, we report what we believe to be the first demonstration
of a mode-locked and widely tunable diode-oscillator fiber-am-
plifier system operating in the region of 1.06 m. The wave-
length tunability extends over 45 nm, providing pulse durations
of 30 ps at a repetition rate of 1.4 GHz. With an average power of
15 mW from the diode-oscillator, the amplifier delivers a max-
imum average power of 9.5 W. This system, therefore, offers
all the advantages of a mode-locked diode laser at power levels
well in excess of those required to efficiently operate a synchro-
nously pumped singly resonant OPO.
II. EXPERIMENTAL SETUP
The experimental setup is shown schematically in Fig. 1. The
diode laser is a single-stripe InGaAs–GaAs diode, with an an-
tireflection-coated output facet specified to a residual reflectivity
of less than . The diode laser is mounted in an external
cavity, where feedback is provided by a grating (1200 lines/mm)
in Littrow-configuration, i.e., where about 15% of the diode
laser power is coupled back into the diode laser via the first
diffraction order, while the larger portion (40%) of the diode
1041-1135/$20.00 © 2006 IEEE
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Fig. 2. Average output power obtained after fiber-amplification of the pulses
as a function of diode laser wavelength.
laser emission is coupled out via the zeroth diffraction order
[14]. The diode is connected via a bias-T to a dc biasing supply
and a radio-frequency (RF) driver (Anritsu 69 147A synthesizer
and 30-dB amplifier). To allow an efficient modulation of the
driving current in the gigahertz range, the diode is equipped with
an impedance matching circuit.
After transmission through a 60-dB optical isolator, the diode
laser output is coupled into the ytterbium-doped core of a 36-m-
long double-clad large mode area (LMA) fiber. The Yb-fiber
has a core diameter of 10 m, an NA of 0.07, and a doping
concentration of 1000-mol parts in . Pump light from a 25-W
fiber-coupled 976-nm diode laser is coupled with an efficiency
of 75% into the output end of the D-shaped inner cladding with
400- m diameter, 0.38 NA, and with a pump light absorption
of around 0.3 dB/m.
III. RESULTS AND DISCUSSION
By changing the angle of the feedback-grating of the external
cavity, the wavelength of the diode laser can be set to any wave-
length in the range from 1010 to 1085 nm with a sidemode sup-
pression of better than 35 dB. For mode locking of the diode
laser, we use an RF drive frequency of 1.4 GHz and a cavity
length of 107 mm. At a dc current of 75 mA and an RF power
of 30 dBm, the diode laser generates about 15 mW of average
output power across the entire tuning range.
The average power obtained after fiber-amplification with up
to 25-W pump power is shown in Fig. 2 versus the diode laser
wavelength. As can be seen, the power is well above 9 W in a
wide wavelength range from 1055 to 1085 nm. The flat shape
of the output power versus wavelength indicates that the fiber
gain is well saturated, such that the output power scales with
the available pump power. At the lower end of the tuning range
(below 1050 nm), a drop in the output power can be seen. Here
the diode wavelength falls in the edge of the ytterbium gain
bandwidth. Correspondingly, operation below this value leaves
unsaturated gain in the fiber, which can lead to unwanted self-
pulsing of the amplifier at central (higher gain) wavelengths.
Fig. 3. Autocorrelation of the diode laser pulses before (upper graph) and after
amplification (lower graph) in the ytterbium-doped fiber, with the wavelength
set to 1058 nm. Both graphs show the respective interferometric autocorrelation
(solid black curves) and the envelope (dashed black curves).
We prevented such self-pulsing by gradually reducing the pump
power to 19 W when tuning toward 1040 nm.
Fig. 3 shows interferometric autocorrelation traces of the
diode laser pulses before amplification (upper graph, solid
black) and after amplification (lower graph). The dashed black
curves are a best fit of the autocorrelation envelopes, with
the pulse duration and a linear chirp as fit parameters, and
assuming Gaussian temporal pulse shape of the light field,
, with being a chirp param-
eter [15]. The fit yields pulse durations about 37 and 30 ps, and
a chirp parameter of 2.4 and 1.4, before and after amplification,
respectively. Such pulse durations and chirp are commonly
observed in pulses from diode lasers [8]. Within the tuning
range, the pulse duration varies between 28 and 44 ps before,
and between 20 and 33 ps after amplification.
The time-bandwidth product of the pulses was determined,
before and after amplification, by using an optical spectrum an-
alyzer (OSA) with 0.015 nm (4 GHz at 1060 nm) resolution
(ANDO type AQ6317). We measured a constant spectral band-
width of 0.18 nm (50 GHz) within the spectral resolution, before
and after amplification, and obtain a time-bandwidth product of
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Fig. 4. Spectrum of the fiber amplifier emission at an average output power
of 2 W, when seeded with 35-ps pulses at a wavelength of 1078 nm. The
background is suppressed by more than 40 dB with respect to the maximum
emission at the seed wavelength.
1.8 and 1.4, respectively. These values are about a factor of three
to four higher than the Fourier limit for a Gaussian pulse shape,
but the pulse duration can possibly be reduced with suitable dis-
persion compensation [16].
Finally, we measured the spectral purity of the diode-fiber
system with regard to background from amplified spontaneous
emission (ASE), with the OSA resolution set to 0.5 nm. Fig. 4
shows a spectrum of the output over a wide range, from 1020 to
1120 nm, thus covering the entire gain bandwidth of the fiber,
when the diode oscillator was set to a wavelength of 1078 nm.
It can be seen that the ASE background is rather weak and lies
typically 40–50 dB below the emission at 1078 nm. When spec-
trally integrating the ASE, we find that more than 99% of the
9-W output from the diode-fiber system is emitted at the wave-
length of the diode oscillator.
IV. SUMMARY AND CONCLUSIONS
We have presented the first mode-locked diode-oscillator
fiber-amplifier system that is tunable in the important 1.06- m
wavelength region with high output power. The tuning range of
the system extends from 1040 to 1085 nm while providing more
than 9-W output. The generated pulses, with a high repetition
rate of 1.4 GHz, show a duration of 30 ps with a time bandwidth
product of about 1.4, and with a low ASE background of less
than 1%.
With these properties, the system should allow for an efficient
wavelength conversion in singly resonant OPOs, due to their low
average threshold of typically a few hundred milliwatts. Due
to the moderate pulse duration of the laser system presented
(e.g., as compared with femtosecond pump sources), a relatively
narrow bandwith of 50 GHz offers spectroscopic resolution in
the midinfrared for coherent multiphoton excitation processes.
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